Factors operating in fetal life or during childhood may be important in determining fibrinogen and factor VII concentrations in adult life, and particularly in explaining social gradients in cardiovascular disease risk. In 1994, the authors measured fibrinogen and factor Vile levels in 641 children aged 10-11 years (61% response rate) from schools in five towns in England and Wales. Birth weight was obtained by maternal recall, and other data on measures of fetal growth were obtained from birth records. Fibrinogen levels were higher in girls (258.8 mg/dl) than in boys (245.4 mg/dl) (95% confidence interval (Cl) for difference: 5.5, 21.5). Fibrinogen and factor Vile levels were linearly related to adiposity, rising by 37.1 mg/dl (95% Cl: 24.7, 49.5) and 13.0% of standard (95% Cl: 6.3, 19.7), respectively, between the bottom and top quintiles of ponderal index (weight (kg)/height (m) 3 ). Fibrinogen was independently related to heart rate (p < 0.001) and was negatively but nonsignificantly related to measures of physical activity. Factor Vile was positively correlated with total cholesterol (p < 0.001). No relations were found with measures of fetal growth or social class. These data do not support the concept that fibrinogen or factor VII levels are determined in utero or by social factors in childhood. Adiposity and physical training appear to be the important determinants of fibrinogen and factor VII levels in childhood. Am J Epidemiol
Hemostatic factors, and fibrinogen in particular, are known to be important markers of cardiovascular disease risk in adults (1, 2) . While several determinants/associations, including adiposity, smoking, alcohol consumption, physical activity, social factors, family history, and respiratory infections (3) (4) (5) (6) (7) , have been established among adults, there have been relatively few studies in children (8) (9) (10) . The evaluation of hemostatic determinants in children is important, because thrombogenesis is believed to play a role in ischemic heart disease-not only in the acute event but also chronically in the initial development of atheromatous lesions (11) . A further reason for studying the determinants in children arises from suggestions that intrauterine or neonatal influences may have long term consequences for fibrinogen and factor VH levels (12, 13) , along with claims that socioeconomic deprivation early in life may result in raised fibrinogen levels among adults (14) (15) (16) . Previous studies have not examined whether these same associations are present in childhood. Finally, studying determinants of fibrinogen and factor VII levels in childhood has the advantage that cigarette smoking, alcohol consumption, and preexisting disease do not confound the relations.
In this paper, we 1) describe the distribution of plasma fibrinogen and factor VII levels in children by social class and geography; and 2) examine relations with potential determinants such as physical activity, adiposity, birth weight, and infant feeding practices.
MATERIALS AND METHODS
The survey methods have been described in detail elsewhere (17) . During 1994, material for fibrinogen and factor VII assays was collected from children in the last five towns of this study, covering 10 population centers in England and Wales. These areas comprised three towns with particularly low adult cardiovascular mortality rates (Leatherhead, Bath, and Tunbridge Wells) and two towns with particularly high cardiovascular mortality rates (Rhondda and Rochdale). In each town, a stratified random sample 727 728 Cook et al.
of 10 primary schools took part. Within each school, 50 children aged 9-11 years were invited to participate, and 20 older children (mostly aged 10-11) per school were asked to provide a blood sample. Details on physical measurement procedures have been published elsewhere (17) . Ponderal index (weight (kg)/ height (m) 3 ) was used an index of weight-forheight, since, unlike body mass index (weight (kg)/ height (m)
2 ), it is more nearly independent of height and age in children. Two blood pressure measurements were made 1 minute apart on the right arm, using a Dinamap 1846SX automated oscillometric monitor (Critikon Company LLC, Tampa, Florida). The average of the two measurements was used in the analysis.
Blood sampling and assays
Blood samples were taken after an overnight fast, after physical measurements were completed and at least 45 minutes after administration of local anesthetic cream (EMLA; Astra Pharmaceuticals Ltd., Kings Langley, United Kingdom). In half of the children, fasting samples were collected, and in the other half samples were collected after ingestion of a standard glucose load (1.75 g/kg). Serum samples were centrifuged, separated, and frozen at -20°C within 8 hours of collection. Cholesterol measurements were carried out within 2 weeks of collection using the Technicon Dax system (method SM4-1139M90; Bayer pic, Newbury, United Kingdom).
For measurement of clotting factors, 4.5 ml of blood was placed into a tube containing 0.5 ml of 3.8 percent sodium citrate. This was mixed by inverting twice and was centrifuged at l,321g for 15 minutes within 2 hours of collection. Aliquots were then snap-frozen on dry ice stored at -20°C for up to 5 days, and subsequently stored at -40"C.
All assays for fibrinogen and factor VII levels were carried out during June 1995 within 1 year of sample collection. Samples were batched so that equal numbers from each town (and from each school within each town) were included in each batch, thus ensuring that any differences between towns would not be due to laboratory factors. Thrombin-clottable fibrinogen concentration was measured by the method of Clauss (18) . Factor VII activity (VHC) was measured by a one-stage semiautomated bioassay using rabbit brain thromboplastin (Diagen, Thame, United Kingdom) and factor Vll-deficient substrate plasma as described previously (19) .
Salivary cotinine level, a measure of both passive and active cigarette smoke exposure during the past 48 hours, was assayed by gas-liquid chromatography, with a lower detection limit of 0.1 ng/ml (20) .
Parental questionnaire and birth record data
A questionnaire with a prepaid reply envelope was forwarded to parents on the day of the survey. Parents were asked about their child's weight at birth, the child's usual physical activity, and parental occupation^). Parental occupation was coded as the head of the household's social class, using the Registrar General's 1980 coding manual (21) . In addition, children's birth records were sought whenever maternal permission was obtained and the child had been born in a hospital in, or close to, the town in which he or she was examined. Where birth weight information was available from both sources, there was close agreement (mean difference = 0.001 kg, standard deviation 0.120). Length and head circumference at birth and placental weight were extracted from the birth records (22) .
Physical activity
At screening, the children were asked about sports and exercise they had engaged in outside of school during the past week, and the amount of time they had spent in each activity. Children were classified into four equal-sized groups on the basis of the estimated number of hours spent.
Statistical analysis
All analyses were carried out using the SAS statistical package (SAS Institute, Inc., Cary, North Carolina). Fibrinogen and factor VQc data are presented 1) adjusted for age, sex, town, school, and room temperature and 2) further adjusted for ponderal index by multiple linear regression (using the PROC MIXED procedure with the LSMEANS option). Room temperature was included because there was some evidence of a negative relation with room temperature. Factor VIIc data were also adjusted for a small negative effect of glucose load on factor VII level in the 50 percent of children who received glucose. Town was included as a fixed effect, and school within-town was included as a random effect. In practice, school explained little of the variation in either fibrinogen or factor VIIc, and in many instances the estimated variance was negative (i.e., the variance associated with school was less than that expected by chance) and thus was replaced by zero, resulting in an ordinary linear regression without adjustment for school. To check that adjustment for town and school did not overadjust the data when social class was being assessed, we used PROC GLM to fit regression models which did not adjust for town or school.
RESULTS
Fibrinogen and factor VIIc levels were measured in 714 children, representing a 61 percent response rate.
The present report is based on the 641 White children screened. Questionnaire data were available for a maximum of 574 children; the exact numbers for each variable appear in table 1. 
Distribution of fibrinogen and factor Vile levels
The distributions of both fibrinogen and factor We levels exhibited slight positive skewness (figures 1 and 2) about their mean values of 252 mg/dl and 105 percent, respectively. However, logarithmic transformation would have substantially overcorrected the data, and we have used the untransformed data throughout. Fibrinogen and factor VTIc levels were unrelated to each other (r = 0.01, p = 0.88).
Town, social class, age, and sex
Fibrinogen levels were, on average, higher in girls than in boys and tended to rise with age (table 1) . Fibrinogen was unrelated to town or the occupational social class of the parents (table 1) . On average, children of nonmanual workers had slightly higher fibrinogen levels than children of manual workers (by 2.5 mg/dl; 95 percent confidence interval (CI): -6.3, 11.3) after standardization for age, sex, town, and room temperature.
Factor VTIc was unrelated to age, sex, or social class. Significant between-town differences were due to particularly high levels in Rhondda which remained high even after adjustment for adiposity.
To establish that adjustment for town and school did not overadjust the data when social class effects were being assessed, we reran our analyses omitting both town and school from the model. The results were similar to those presented, with neither tests for heterogeneity nor tests for trend being significant. Specifically, social classes IV and V still had the lowest fibrinogen levels (though not significantly so) irrespective of adjustment for town.
Adiposity
Fibrinogen was positively related to adiposity as assessed by the ponderal index, but less strongly related to waist:hip ratio. The regression coefficient for ponderal index was little altered by adjustment for waist:hip ratio, whereas the coefficient for waist:hip ratio was markedly reduced and not significant after adjustment for ponderal index (table 2). The relation with adiposity was seen in both boys and girls and was reasonably Linear (figure 3). Except in the bottom quintile of ponderal index, girls had significantly higher fibrinogen levels at all levels of adiposity. In girls, fibrinogen level increased with breast develop- Factor VII (% standard) Factor VTIc showed similar, though weaker, relations with adiposity, but with no sex difference (table 2, figure 4 ). When the sexes were combined, the rise between the bottom and top quintiles of ponderal index was 13.1 percent of standard (95 percent CI: 6.4, 19.8); the estimated regression slope was 2.6 percent (95 percent CI: 1.4, 3.7) per unit of ponderal index.
Physical activity
Fibrinogen level was positively related to heart rate, and the association remained after adjustment for ponderal index as well as for town, sex, and room temperature (table 2). The effect was consistent in both sexes (data not shown). Factor VIIc was more weakly correlated with heart rate, and after adjustment for ponderal index the relation was of borderline statistical significance (table 2) .
Fibrinogen levels tended to be lower in children reporting fewer hours of physical activity, but the differences were small and were not statistically significant (table 1) . Factor VIIc showed no relation with measures of physical activity.
Other factors
Fibrinogen and factor VTIc levels were unrelated to height or salivary cotinine level (table 2) . While fibrinogen was unrelated to serum total cholesterol, factor VIIc was positively correlated with it independently of adiposity. Both fibrinogen and factor VTIc were positively related to blood pressure. However, after adjustment for ponderal index, the regression coefficients were approximately halved and were no longer statistically significant at the 5 percent level (table 2) . • p < 0.05; ** p < 0.01; *** p < 0.001. 
Birth weight and other measures of fetal growth
Fibrinogen and factor VIIc were unrelated to birth weight based on maternal recall, either with or without adjustment for current adiposity. (Data are available from the first author (D. G. C.) upon request.) The coefficient for the regression of fibrinogen on birth weight, after adjustment for age, sex, town, school, room temperature, and ponderal index, was -3.2 mg/dl (95 percent CI: -11.5, 5.2) per 1-kg increase in birth weight. When the analyses were carried out separately by sex, the coefficient was stronger in boys (-6.5 mg/dl (95 percent CI: -17.0, 4.2) per kg increase) than in girls (2.0 mg/dl (95 percent CI: -11.3, 15.2) per kg increase), but neither result was statistically significant, nor was the difference significant.
In the subset of children for whom birth record data were available, we examined the relation of fibrinogen and factor VIIc to indices of fetal growth other than birth weight. None of the indices exhibited any relation, either univariately or after adjustment for the confounding effect of childhood adiposity. For fibrinogen, the regression coefficients, after adjustment for age, sex, temperature, town, school, and ponderal index, were: 1. It is important to recognize that, for both fibrinogen and factor VQc, the percentage of variation explained (as assessed by the multiple R l ) by the variables examined here was small. For fibrinogen, in a model including age, sex, town, temperature, ponderal index, and heart rate, the percentage of variance explained was 11.5 percent (10.3 percent after allowing for the number of parameters fitted); while for factor VQc, in a model including age, sex, town, temperature, glucose load, ponderal index, heart rate, and cholesterol, the percentage of variance explained was 10 percent (8.5 percent after allowing for die number of parameters fitted).
DISCUSSION
Fibrinogen levels in this study of children aged 10-11 years were very similar to those reported in the CARDIA Study of young US adults aged 18-30 years (24) and were 7 percent lower than die levels reported 734 Cook et al.
in 50-year-old adults from the Whitehall II study (6) . Factor VTIc activity was considerably lower than that reported for middle-aged adults in the Whitehall II study (6) .
Sex
The higher (by 13 mg/dl) mean fibrinogen level in girls than in boys in this study is consistent with previous reports on children (weighted average of 19 mg/dl higher) (9), young nonsmoking adults (26 mg/dl higher) (24) , and middle-aged adults (14 mg/dl higher premenopausally) (6) . However, one US study carried out in a biracial community did not find a consistent sex differential in children aged 5-17 years (8).
Adiposity
The major determinant of fibrinogen level and factor VII activity in childhood appears to be adiposity, with ponderal index being a better marker than the waist:hip ratio. Adiposity also appears to be an important determinant in adults. In our study, higher fibrinogen and factor VIIc levels associated with breast development in girls appear to have been largely due to the associated increase in body mass. A US study (25) also reported higher fibrinogen levels with Tanner staging in some (Black but not White) girls.
The fact that sex differences and relations with body size are found in childhood, where confounding by existing cardiovascular disease can be excluded, strongly suggests that these are physiologic determinants of both fibrinogen and factor VII levels.
Social class and town
The only geographic difference of possible significance was a markedly higher factor VIIc level in Rhondda. This could only partly be explained by the relative obesity of Rhondda children. Moreover, we have already reported that cholesterol levels were not noticeably raised in Rhondda (17) , so a dietary explanation is lacking.
We found no obvious differences in either fibrinogen level or factor VIIc activity by parental social class. If anything, fibrinogen levels were slightly lower in social classes IV and V. This contrasts with most, though not all (12) , studies in adults, which have reported fibrinogen levels to be higher in manual workers than in nonmanual workers. While some studies have concluded that these differences are largely attributable to cigarette smoking (26) , others have concluded that factors not yet identified are responsible. Socioeconomic associations with fibrinogen levels have been hypothesized to arise as a result of stress and effects on adrenergic mechanisms (7) or as a result of childhood poverty and chronic infection with Helicobacter pylori (5) .
While our data do not suggest an effect of social influences on fibrinogen level in childhood (the manual-nonmanual difference in our study was -2.5 mg/dl (95 percent CI: -11.3, 6.3)), the confidence limits do not allow us to rule out any effect. The strongest evidence for an effect comes from the Whitehall II study, which reported a difference of 10 mg/dl in men and 6 mg/dl in women between parental manual and nonmanual social class (14) . Other evidence for an effect of social class of origin in adults is not strong. A Finnish study (15) reported no overall effect but a difference in relation to social class of origin among adults with low/medium incomes. Even if we accept this finding (no formal test of interaction was carried out), the implication is that it was not childhood class per se but the interaction with later changes that led to an association.
One reason why social class was unrelated to fibrinogen and factor VIIc levels in our study may be that ponderal index is only weakly related to social class, while physical activity and heart rate are entirely unrelated.
The other evidence which has been used to suggest childhood influences is the consistent inverse association between height and fibrinogen reported in studies of adults (12, 14, 27) . Indeed, it has been suggested that fibrinogen might explain the higher risk of cardiovascular disease among short subjects. It is therefore intriguing that we found no association. Other studies in children either have not reported on associations with height (9, 10) or have reported weak positive correlations (8) .
Physical activity, physical fitness, and diet
Data on adults, including data from three intervention studies, suggest that physical activity can lower fibrinogen levels (28). However, not all cross-sectional studies have found associations (6) , and there is debate over the intensity of activity required. Our data, while consistent with an effect, are not in themselves convincing. This may be due to the crude nature of our assessment of activity. The positive correlation with heart rate is more intriguing, as it appears to be independent of adiposity. One interpretation would be that fibrinogen is correlated with resting heart rate because the latter is a marker of physical fitness. Such an association has been reported in adults (29) . However, most studies with data on fibrinogen and heart rate have not reported on this relation.
Interestingly, the associations of fibrinogen and factor VHc with blood pressure were weaker than the associations with heart rate and did not appear to be independent of adiposity, though our sample was too small to rule out a very weak association. The results are consistent with the lack of correlation independent of adiposity in the Bogalusa Heart Study (8) .
As expected, serum total cholesterol was unrelated to fibrinogen but was positively related to factor VIIc, which emphasizes the role of dietary fat intake in factor VII level in childhood.
Fetal growth
Our study provides no evidence of any measure of fetal growth's being related to fibrinogen or factor VII in either boys or girls. Again, our findings contrast with those of three other studies (12, 13) which have suggested that fetal or infant growth retardation is associated with raised fibrinogen levels among men in adult life. In Barker et al.'s Hertfordshire cohort (12) , plasma fibrinogen and factor VIIc levels were highest in men whose weight at 1 year of age was low; after adjustment for confounding variables, fibrinogen fell by 0.3 mg/dl (95 percent CI: -3.9, 4.6) per pound. In Barker et al.'s Preston cohort (12) , no univariate association with either birth weight or placental weight was found for fibrinogen; however, an interaction was reported such that fibrinogen levels rose with increasing placentahbirth weight ratio. In Martyn et al.'s Sheffield cohort (13), fibrinogen was not related to birth weight in women, but it fell in men by 12 mg/dl (95 percent CI: 5, 19) per 1-pound increase in birth weight. An even stronger relation was reported with abdominal circumference. The authors suggested that the mechanism might be reduced growth of the liver during fetal life which had a long term effect on fibrinogen metabolism (13) . Since these data were based on adults aged 50 years or older, an alternative explanation would be that fibrinogen levels were raised in low birth weight men because of more preexisting disease.
Relative importance of adiposity
While our study was not large enough to rule out small birth weight or social class effects, the findings emphasize the overwhelming importance of childhood adiposity on fibrinogen levels during childhood. A 1-standard deviation (1.87 kg/m 3 ) increase in ponderal index raised fibrinogen level by an estimated 13.7 mg/dl. In contrast, the estimated effect of a 1-standard deviation (0.51 kg) fall in birth weight was a rise in fibrinogen of 1.6 mg/dl (95 percent CI: -2.7,5.9). Even the upper limit of the birth weight effect was 2 times smaller than the effect of adiposity. Equally, the upper limit of any manual-nonmanual difference was 6.3 mg/dl.
Conclusion
In this study, we found no support for the suggestion that fetal growth retardation or factors related to social class in childhood are associated with raised fibrinogen or factor VH levels. The major determinant of fibrinogen and factor VIIc activity during childhood appeared to be adiposity, which was only weakly related to social class. Factor VHc was also independently related to cholesterol level. The data provide some support for independent associations of physical fitness and physical activity with lower fibrinogen levels.
